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GASOUT--
The Code Used to Calculate Gaseous Fission
Product Release for a ZPR-6 and -9
Design Basis Accident

by

C. D. Swanson and E. M. Bohn

ABSTRACT

PROGRAM GASOUT calculates the amount of noble
gas and radioiodine fission products expelled into the atmos-
phere following a ZPR-6 and -9 "Design Basis Accident."
Tabulated values of fission product activities following fis-
sion are combined with a calculation of time-dependent cell
pressure to determine the number of fission product atoms
released. This information can then be used to determine
the radiological hazard toa man standing downwind from the
reactor during the accident. The code is written for the
IBM 360/50/75 computer.

INTRODUCTION

In the event of a nuclear excursion with a ZPR reactor, fission
products released by burning fuel may be expelled into the atmosphere.
PROGRAM GASOUT calculates the amount of noble gas and radioiodine
atoms released. This information is used in the ZPR-6 and -9 Plutonium
Safety Analysis Report! to assess the radiological hazard associated with
the postulated Design Basis Accident (DBA).

The mathematical model used is based on tabulated values of fis-
sion product activities at various times following fission.? The calculation
of time-dependent cell pressure from the DBA analysis is used to deter-
mine the number of fission product atoms expelled from the reactor cell
into the atmosphere.

PROGRAM GASOUT is an extension of the Design Basis Accident
analysis. The essential features and assumptions of the DBA are briefly
discussed here. Following the central idea of safety-analysis calculations,
all additional assumptions were made to provide a reasonable but safely
conservative estimate of the fission products released.



I. DESCRIPTION OF PROBLEM

A. Facilities

A complete description of the ZPR-6 and -9 facility has been given.3

For the present problem only the reactor cell and the emergency exhaust
system are considered. Each ZPR reactor is located in a concrete cell
with interior dimensions of 40 by 30 ft, with a height of 30 ft. In the event
of a nuclear accident involving a metal fire, the pressure buildup in the

cell will be relieved by the emergency exhaust system. This consists of a
24-in.-dia exhaust pipe connected to a sand filter, a double bank of HEPA
(High Efficiency Particulate Attenuator) filters, and finally a 46-m stack.

A flow diagram of the emergency exhaust system appears in Fig. 1.
Throughout the discussion, the facilities will be represented by the
simplified schematic shown in Fig. 2.
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B. Design Basis Accident

The Design Basis Accident (DBA) for plutonium use in the ZPR-6
and -9 reactors is discussed in Ch. 12 of Ref. 1. The DBA is an extremely
severe nuclear accident which is postulated and analyzed to determine the
containment capability of the reactor cells and associated facilities. The
cause of the accident is a combination of:

(1) large fuel overloading of the reactor due to operator judgment
error;

(Z) inattention on the part of two reactor operators,

(3) failure of all controls.

It is assumed that criticality is achieved as the table halves are
closing at intermediate speed. When combined with the above conditions,
this causes a nuclear excursion. The accompanying rise in temperature
eventually causes the fuel to burn and release fission products to the air
in the cell. Fuel and sodium fires rapidly increase the pressure in the
cell. The emergency exhaust system then relieves this pressure by ex-
hausting air through the filters and out the stack.

The DBA was analyzed using a one-energy-group point-reactor
kinetics code with a heat-transfer subroutine.* The pertinent results of
that calculation are as follows:

(1) At time t = 0 the reactor is just critical and the closing table
halves are adding reactivity (beginning of excyrsion).

(2) The reactor reaches prompt critical att = 4.1 sec. The
excursion is turned by the negative Doppler and expansion reactivity
feedback.

(3) Att = 13 sec molten fuel flows onto the reactor bed and begins
to burn. The loss of reactivity due to flowing fuel causes the reactor to go
subcritical.

(4) Att = 15.2 sec the reactor is 2.3% subcritical and the excur-
sion is considered over by the kinetics code. Boiling of sodium continues
until 19.2 sec, when the temperature drops below the boiling point. Liquid
fuel and sodium continue to burn.

C. Assumptions

The amount of radiologically hazardous material released to the
atmosphere during the Design Basis Accident is calculated by dividing the



problem into small time intervals Atj (sec)* and making the following

additional assumptions:

(1) Based on the DBA analysis, the fissions that releaa.e fission
products to the cell occur at an average time of t = 6 sec. This assump-
tion greatly simplifies the analysis by allowing use of tabulated values of
fission product activities following instantaneous fission at t = 6 sec.

(2) Fission products are released and spread uniformly throughout

the cell as soon as the fuel begins to burn at t = 13 sec. Two methods of

fission product release are considered:

a. All of the fission products are released instantaneously at

13 sec. This allows for a simplified solution and a conservative answer.

b. The fission products are released as the fuel burns at a

constant rate for one hour. The fraction of fission products available for

release during a time interval At seconds is then At/3600.

There are two possible paths by which fission products re-
leased to the cell air can reach the atmosphere:

a. through the emergency exhaust system, and

b. leakage through the cell walls into the confinement shell,
through the air filters in the shell, then out the stack.

Here we are concerned only with the first path and assume that the
reactor cell is sealed except for the emergency exhaust system. Fission
product release from the stack is based on two additional assumptions:

(3) All particulate fission products are held up in the filter. Only
gaseous fission products are released.

(4) All precursors are considered particulate. As these precursor
atoms decay into gas atoms they are released from the stack.

The piping and filter of the emergency exhaust system introduce a
delay time during which fission product decay is considered. The delay
time T associated with the travel time of fission products from the cell
to the filter is given by

T = D/v; v = kP,

*The choice of time intervals is discussed in Appendix B, p. 38.



where

P

n

average cell pressure, psig;

D

length of pipe;
v = velocity.

The constant k was determined by the flow characteristics of the emer-
gency exhaust system to be 8.8 ft/sec-psig. Thus the delay time is

T = (D/8.8)/P.

Gaseous fission products pass through the entire system (D = 1232 ft)
without filter holdup. The delay time is then

T = 140/P.

For particulate fission products that are held up in the filter, the time to
reach the filter (D = 968 ft) is

T = 110/P.

GASOUT has two methods of computing the number of gas atoms
released from the stack, depending on the nature of the problem being
solved.

The simplest case is to determine the gotal dose at a point down-
wind from the stack. In this case, it is only necessary to calculate the
total number of gas atoms released from the stack. Since filter holdup of
precursors does not affect the total number of gas atoms released, it can
be neglected. All fission product atoms that leave the cell are assumed to
leave the stack after a decay time of T = 140/P seconds. Note that the
rate of release from the stack is not considered. Thus this is a time-
independent problem.

In an actual situation, a man standing downwind from the stack will
evacuate the area after some finite time. To determine the dose received
for this finite time it is necessary to consider the rate of fission product
release from the stack. In this case, the time of release of gas atoms due
to precursor decay must be considered. Therefore, filter holdup of pre-
cursors must be accounted for in the calculation. This is a time-dependent
problem.
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II. DATA

A. Source of Nuclear Data

The data for the production and decay of the noble gas (krypton and
xenon) and radioiodine* fission products is obtained from US‘NR_D'L-TR-757,
Table VII.2 The table gives the activities ApNp (dis/sec) of individual
radionuclides at various decay times t' following instantaneous fission of
8.435 x 10° atoms of 23°U. Here Ap is the decay constant and Ny, the number

of atoms present at time t'.

The USNRDL data for the fission products considered is listed in
Appendix A. The decay chain for each Kr, Xe, and 1 fission product is also
included along with the half-life T,/ and decay constant Ap = 0.6931/T,/,
for each isotope in the decay chain. Precursors with extremely short

half-lives (<1 sec) have been omitted.

For the data in Appendix A, t' = 0 is the time of instantaneous
fission. Since it is assumed that all fissions occur 6 sec after the start of
the accident, t' = 0 in the data tables corresponds to t = 6 in the problem.
Therefore, 6 sec is added to all times in the USNRDL data when used in

GASOUT.

After reading the decay constant and activities for each isotope in
the decay scheme, GASOUT obtains the number of atoms of each isotope at
each time by dividing AnNp by Ap.

B. Interpolation

Linear ‘interpolation of the USNRDL data is used to obtain the
number of isotope atoms that exist at time t, assuming instantaneous
fission of 8.435 x 10° 2*°U atoms at t = 6 sec and no nonradioactive losses.
GASOUT uses this number to calculate the distribution of the isotope in
the cell, filter, and stack after a nuclear excursion has released fission
products to the air in the cell.

No attempt has been made to renormalize the data to a different

number of original fissions. This is easily accomplished at the conclusion
of GASOUT calculations.

* Lotopes of krypton, xenon, and iodine are the only radioactive gases given off in significant quantities

in this type of accident.



III. RELEASE OF AIR FROM THE REACTOR CELL

The nuclear excursion postulated for the DBA causes molten fuel
to be expelled from the reactor. A metal fire begins as soon as the fuel
starts to flow. Also, sodium vapor is generated at a rate proportional to
the heat flow into the sodium after the sodium boiling temperature is
reached. The sodium vapor burns instantaneously. The heat generated by
the burning vapor and liquid then immediately raises the temperature and
pressure of the cell air. Subsequently, air-borne fission products are
expelled from the cell.

Fuel flows onto the reactor bed and begins to burn att = 13.0 sec.
Up until this time no energy is released to the cell.

From 13.0 to 19.2 sec, the energy released to the cell due to
burning vapor and liquid is given by

AQ = 5.1 x 10*At* Btu,
where At is the time interval between successive calculations.

At 19.2 sec the temperature of sodium drops below the boiling
point and no more sodium vapor is produced. From then on, the energy
released to the cell by the burning liquid fuel and sodium is

AQ = 920 At Btu.

The pressure routine in GASOUT then proceeds as follows:

L

(1) The pressure increase due to heat input during a time interval
At is calculated assuming a constant-volume process (a negligible fraction
of air escapes the cell during At). Based on the perfect gas law,

PV = mRT,

we have

AP

(mR/V) AT.
For constant volume,

T = Qf/mC,.

*The expressions for energy released to the cell are obtained from Ch. 12, Ref. 1.

11
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so that
AP = (R/Cy)(8Q/Y).
Therefore
AP = 2.13 0Q/V,
where
AQ = heat input to cell during At (Btu);
AP = pressure increase due to AQ heat input, psi;
V = cell volume;
T = temperature;
m = mass of air.

(2) A new cell pressure P, and average cell pressure P for time
interval At are calculated:

P, = P; + AP; P = P; + 0.5 AP,

when P; is the cell pressure at beginning of At.
(3) The change in cell air temperature is given by
AT = (Ty/P,)AP,

where T, is the cell temperature at start of At.

(4) The new temperature and average temperature for interval At
are calculated:*

T =Ty + AT; T = T, + 0.5 AT

(5) The volume of air which flows out of the cell during At is
calculated:

AV = B(P-Pg) At,

*Heat transfer to surrounding materials is not directly calculated by GASOUT. If it is ignored completely,
however, the calculated temperature within the cell riSes to unrealistic values and affects the computed
pressures. DBA analysis indicates that at 20 sec the temperature in the cell reaches a maximum value
of 1400°R. Therefore, GASOUT allows the temperature in the cell to rise to 1400°R and then holds it at
that value for the remainder of the problem.



where

P, atmospheric pressure;
B = flow rate through filter.
(6) The average specific volume ¥ is obtained:

PV = mRT; V/m =7V = RT/P; v = 0.37 T/P.

(7) The change in cell air weight and a new cell air weight are
obtained:

AW = AV/Y; W3 = W, - AW,
where
W, = weight of cell air at beginning of At;
W, = weight of cell air at end of At.
(8) The fraction of air exhausted out of the cell is calculated:
f = AW/W,.

This will later be used as the fraction of fission product atoms in the cell
leaving the cell during time interval At.

(9) The new pressure following air flow out of the cell is then
Py = pz(ws/wl),

assuming isothermal expansion of the air. The assumption is considered
valid for the time intervals chosen.

(10) The final values P,, T,, and W; of time interval At then become
the initial values of the next time interval At':

P} = Py T} = Ty Wi = Ws.

Table I lists the parameters used in the pressure calculation. A
plot of pressure versus time is shown in Fig. 3.

13



TABLE I. Parameters for Pressure Calculations

3 g
Flow rate through sand filters (B) 40 ft’ psig-sec

Cell volume 36,500 ft’
Initial air temperature 530°R
Initial cell pressure 14.7 psia
Atmospheric pressure 14.7 psia
Initial weight of cell air 2700 lbs
H
Fig. 3

Cell Pressure

CELL PRESSURE, psig
5
T

1 b TS (3 T s 1 i
50 100
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IV. METHODS OF SOLUTION

GASOUT considers two methods of handling filter holdup of precur-
sors, as discussed in Sect. I. The desired option is selected through the
input parameter PATH as follows:

PATH=0 No holdup of precursors in filter; time-independent
problem;

PATH=1 Precursors are held up in filter; time-dependent
problem.

Another option discussed in Sect. I concerned the release of
fission products to the air in the cell. The input parameter RATE selects
the option as follows:

RATE=0 Instantaneous release of fission products att = 13 sec;

RATE-=1 Constant burning rate for one hour. Fraction of fuel
burned in Atj sec is Atj/3600.

The options RATE and PATH allow for four different approaches
to be taken. The simplest and most conservative approach is to consider
instantaneous release of fission products to the cell with no filter holdup
of precursors (RATE=0, PATH=0). If this does not give satisfactory
results, more realistic approaches can be taken, the least conservative
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being a constant burning rate with filter holdup of precursors (RATE=1,
PATH=1). The simplest case is considered first.

A. Time-independent Problem; No Filter Holdup of Precursors

As an example of the calculational method consider the decay chain
for radioiodine *1:

Sb(48 sec) - Te(42 min) = **1(53 min).
Let I(t;) be the average number of 1341 atoms during time interval Atj that
would exist in the cell if there were no losses through the emergency
exhaust system. Similar definitions hold for antimony and tellurium.
These values are obtained from the USNRDL data described in Sect. II.

The calculation proceeds as follows:

(1) During the first time interval At,, the fraction of air released
from the cell is given by f; = AW(1)/W,(1) (see Sect. III). The number of
134] atoms released from the cell is therefore

£,1(ty).
The number remaining in the cell is
(1- 1)) I(ty).
The corresponding numbers for the precursor atoms are
f,[Sb(t,) + Te(t,)] released
and
(1 - f,)[Sb(t,) + Te(t,)] remaining.

(2) After leaving the cell there is a delay time given by T, =
140/P, sec before the '**I atoms leave the stack.

If I(t, + T,) is the number of **I atoms at time t; + T, (here t,
represents the midpoint of interval At,), then the fraction of '**I atoms at
time t, that exists at time t, + T, is I(t; + T,)/I(t;). Thus the number of
1341 atoms released from the stack* due to the fI(t,) atoms that leave the
cell during At, is

Gg(tl) = £iI(t)[I(t, + T,)/1(t,)] = £1(t; + Ty).

*These atoms are released at time tj + Tj. Since only the total number of atoms released is important,
the time of release is not considered here. However, it is important for the time-dependent problem
and is discussed in Sect. IV-B.,
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In this method, filter holdup of precursors is not considered.
The precursor atoms that leave the cell during At, will eventually decay
into gas and be released from the stack. Again considering a delay time
of T = l40//§1, the number of *I atoms released from the stack due to

precursor atoms leaving the cell during At; is
Gp(tl) = £,[Sb(t; + Ty) + Te(t; + Ty)].

(3) The % atoms left in the cell after time interval At; decay

into
(1-1£;) I(t;)

atoms during the second interval At,. The number of '**I atoms released

from the cell during the second interval is therefore

£,(1 - £;) I(t).

Similarly, the number of precursor atoms released from the cell during
At; is

£(1 - £,)[Sb(tz) + Te(ty)].

The number of **I atoms remaining in the cell after At;, is then
(1-£)(1-1) I(t,),

and the number of precursor atoms remaining is
(1-1£)(1 - £,)[Sb(t;) + Te(t,)].

(4) The number of '*!I atoms leaving the stack due to **I atoms
leaving the cell is

Gg(tz) = f,(1-1)) I(t, + T,).

134
The number of °*I atoms released from the stack due to precursor atoms
leaving the cell is

Gp(tz) = f(1-£,)[Sb(t, + T,) + Te(t, + T,)].
Here T, = 140/132 is the piping delay time.

(5) In general, the number of !3I atoms released from the cell
during time interval Atj is y



j=1
fj H (r- fi) I(tj).
i=1
The number remaining in the cell is

J=1
(- [T (- f)|xcey).

i=1
Similar expressions exist for the precursors.

(6) The number of '**I atoms released from the stack due to '**I
atoms released from the cell during Atj is

j-1
Gg(tj) = fj j]l (1-1;) I(tj + 'I'J.).

The number of '**I atoms released from the stack due to precursor atoms
leaving the cell during Atj is

j-1
Gp(tj) = fj n (1-1£) Sb(tj+Tj) - Te(tj+Tj) :
=1

Again, T; = 140/§j is the delay time for interval At;.

(7) Finally, the number of 1341 atoms* remaining in the cell after a
time period divided into J intervals is

-

o
(-1 [T (-£)] 1ty
Li=1

The number of precursor atoms remaining is

b -
(1-£) [T (1-1£)| |Sblty) + Te(ty)].
Li=1

The total number of '**I atoms released from the stack due to '*I

atoms released from the cell is

J J j=1
.Z Gyltj) = Z £ h (1-£)]1(; + T;).
J=1 J=1

i=1



18

The total number of '**I atoms released from the stack due to
precursor atoms released from the cell is

J J j=1
Y Gplty) = ¥ |TT (1 -] |Sbtj +Tj) + Telt;+ Ty)| -
j:l j:l =1

In this example the total number of 1341 atoms released from the
stack is

J
Z [Gg(tj) + Gp(tj)}
j:l

Consider, however, the decay chain for 89K r:

11.8% °*Kr
Se(2 sec) —= Br(4.4 sec) —{—'> aTe
88.2%
Here only 88.2% of the precursor atoms that leave the cell will decay into

89 r atoms. Setting X = 0.882, the total number of 89K r atoms released
from the stack is

k]
Z {Gg(tj) + XGp(tj)i\ 3
J:l

The input parameter X gives the fraction of precursor atoms that decay
into gas atoms.

Reference to Fig. 3 indicates that the gauge pressure in the cell
reaches 0.0 psig att = 16 min. At this point fir= AW/W = 0.0, and
fission product release from the cell is stopped. Thus, to obtain the total
number of gas atoms released from the stack it is only necessary to con-
tinue the calculation until P = 0.0.

B. Time-dependent Problem; Filter Holdup of Precursors

Consider the case where the man standing downwind leaves after
some finite time. To determine the dose received during this time, the
holdup of precursors in the filter must be accounted for. The rate of
release of gas atoms out the stack is calculated.

The number of '**I atoms leaving the cell during time interval At.
was shown to be



-1
fJ h (l-fi) I(tj).

i=1

After a delay time 15 = 140/§j.

j-1
Ggl(t;) = f; Hx (1-1) I(tj+Tj).
i=

%] atoms are released from the stack. The time t. + T, falls in some
time interval denoted by Aty (k= j). The number Gg(tj) is stored in the
array O:

O(k) = O(k) + Gg(tj).

Thus, the number of '**I atoms released from the stack during the time
interval Aty will be contained in the array element O(k). Note that O
contains only the number of **] atoms released from the stack due to '**I
atoms released from the cell.

The number of precursor atoms leaving the cell during time
interval Atj is

j=1
M = f I‘I (1-1£;)] |Sb(t;) + Te(t;)|.
1=1

The time for these precursor atoms to reach the filter is V¥; = 110/13j.
The number of precursor atoms arriving at the filter is

j-1
N = fj hl (1-1£;) Sb(tj+‘)'j) + Te(:j+7j) -
1=

Thus, N precursor atoms arrive at the filter at time t; + V¥; which falls in
some time interval Atz(ﬂ > j). The number N is stored in the array F:

F(g) = F(£) + N.
If Fj
beginning of time interval Atj. the number in the filter during Atj is taken
to be

represents the number of precursor atoms in the filter at the

L :
FJ = F] + F(J),
where F(j) is the number of precursor atoms arriving at the filter during

Atj.

19
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Once the number of precursor atoms in the filter for time interval
Atj has been determined, the decay of these atoms into '*!I alt;zms can be
considered. The fraction of precursor atoms decaying into "I atoms
during Atj can be obtained from the USNRDL data. This fraction is given

by

) + Te(tj_,)] - [Sb(t;) + Te(t;)]}/[Sb(t;_,) + Te(t;_)].

i

®j = {lsblt;.,

Therefore, ¢:F: precursor atoms in the filter decay into 1341 atoms during
Atj. These %I atoms are assumed to leave the stack during Atj. Thus,
Gp(tj) = ¢JFJ

The total number of **] atoms released from the stack during time

interval Atj is then
o(j) + (Z)ij.

For a finite time interval divided into J intervals the total number
of **I atoms released from the stack is

i
3 [O(j) + ¢jFJ~]-
j=l

Now consider the decay chain for ®Kr, for which only 88.2% of the
precursors decay into ®’Kr:

11.8%, %8Kr
Se(2 sec)—*Br(4.4 sec) 89Kr.
88.2%
In this case the total number of ®'Kr atoms released from the stack during

TJ is

> [O(j) + xcstJ],

j:l

where ¥ = 0.882.

C. Constant Burning Rate

The methods discussed so far have assumed instantaneous release
of all fission products to the cell air att = 13 sec. This gives a conserv-
ative estimate of the amount released out the stack since the total number
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of atoms is immediately available for release from the cell. Actually,
fission products are released to the cell air only after the fuel burns.
Assume that it takes one hour to burn all the fuel at a constant burning
rate. Then the fraction of available fuel burned in time interval Atj sec

is Bj = Bt;/3600.

In time interval At, the number of 134 atoms released to the cell
air is then

ByI(t,),
and the number released from the cell is

£1B,1(t;).

Also,

(1-1)) Byl(ty)
is the number remaining in the cell.

In time interval At,, B,I(t;) additional 1341 atoms are released to the
cell air and are added to those remaining from interval At,. The number
of 3% atoms in the cell is then

(1-1£,) Bl(ty) + Bal(tz).

Therefore, the amount released from the cell during interval At; is
»

£[(1 - f;) ByI(t,) + B.I(t;)],
and the amount remaining is

(1-£)[(1- ;) ByI(ty) + BaI(tz)]:

This process is then continued for all time intervals. If X is the number
of '**I atoms in the cell after interval Atj-l' the number during interval
Atj is
X+ le(tj).
and the number released from the cell is
. + B. )
fJ[X BJI(tJ)]
Similar expressions hold for the precursor atoms. Once the

number of atoms out the cell has been determined, the number out the
stack is determined as in one of the two previous methods.
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V. INPUT AND OUTPUT

A. Input

The input required by GASOUT defining problem type and providing
isotope decay data is listed in Table II.

TABLE II. GASOUT Input Data

Card Type Format Item Description
1 20A4 IDENT Problem identification.
2 416 N1 Number of activities to be

read in for each isotope.

RATE =0, instantaneous release of
fission products to cell.

=1, constant burning rate
for one hour.

PATH =0, no filter holdup of
precursor atoms.

=1, filter holdup of
precursor atoms.

J Print output every Jth
time step.
3 3E12:5 DTX Time interval Atj.
FINTIM Total problem time.
CHI Fraction of precursor
atoms that decay into gas.
4 A4, E12.5 NAMEA Isotope name.
LAMBA Decay constant X}/O.
5 6E12.5 Al(I), I=1, N1  Activities )\nNn at each time

t(I).

Card sets 4 and 5 are repeated for six isotopes in a decay chain. If
there are less than six, dummy isotopes must be provided. Input the
noble gas or radioiodine isotope first.

6 16 EOF #0, stop.
=0, continue.




The isotope data consist of the name, decay constant A, and activ-
ities A N, (I) at decay times t(I) for each isotope in the decay chain of the
noble gas or radioiodine fission product. GASOUT has provision for six
isotopes in a decay chain. If there are less than six, dummy isotopes must
be provided. The )\, input for the dummy isotopes must be nonzero.

The data as described in Sect. II are listed in Appendix A. The
number of activities to be input for each isotope is given by the parameter
N1, which must be chosen so that the time t(N1) is greater than or equal to
the total time of the problem:

t(N1) = FINTIM.
B. Output

For every Jth time interval (see Table II), GASOUT lists the
following quantities concerning the release of fission products from the
cell:

(1) the time at the end of the time interval;

(2) the number of gas atoms remaining in the cell at the end of the
time interval;

(3) the total number of precursor atoms remaining in the cell at
the end of the time interval;

(4) the number of gas atoms released from the cell during the
time interval;

(5) the total number of precursor atorgs released from the cell

during the time interval.

The total number of gas atoms and precursor atoms released during the
problem is also listed.

Two numbers are listed for the release of gas atoms from the
stack for each every Jth time interval:

GGj = gas atoms released from the stack due to gas atoms
released from the cell;
GP. = gas atoms released from the stack due to precursor atoms

. released from the cell.

The totals of the GG and GP are then listed along with the final
number of gas atoms released from the stack:

J

i GGj +X 3 GP;|.

j:l i=1

23
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Recall that these numbers correspond to the instantaneous fission of
8.435 x 10° *°U atoms at t = 6 sec. Normalization to other initial condi-

tions can take place at this time.
Appendix B contains a sample problem including examples of
GASOUT input and output. Results obtained for the noble gas and radio-

iodine fission products listed in Table Al are also included.

A listing of the code is included in Appendix C.



APPENDIX A

Data

Table Al lists the decay chains for each of the Kr, Xe, and I fission
products considered by GASOUT. The half-life for each isotope appears in
parentheses.

TABLE Al. Noble Gas and Radioiodine Decay Chains

(half-lives in parentheses)

44% Se,(69.0 sec) 90%
10% \ Br(2.4 hr)—=Kr(1.9 hr)

SIS
56% Se,(25.0 min)

BKr Ge(2.0 sec)—=As(7.0 sec)

85Kr Se(39.0 sec)—=Br(3.0 min)—=Kr(4.4 hr)
97%
87K r As(1.5 sec)—=Se(16.0 sec)—=Br(54.5 sec) =——=Kr(78.0 min)
\n
3%
7% *'Kr + n
88K r Se(2.5 sec)—=Br(16.3 sec)

93% °®Kr(2.8 hr)

11.8%,®Kr + n
Kr Se(2.0 sec) —=Br(4.4 sec)

88.2% *'Kr(3'2 min)

15% PKr + n
K r Br(1.6 sec)
85% "Kr(33.0 sec)

NKr Br(2.0 sec)—=Kr(10.0 sec)
30%, Xey(15.3 min)
135y l
.4 mi 6.7h
Tand II Sb(6.0 sec)—=Te(1.4 min) —=I( r)
70% Xepy(9-2 hr)
96%
137%e Te(3.0 sec) —=1(24.4 sec)i)(e(l‘) min)
9% "
3% '3Xe + n
1383 Te(2.0 sec)—=1(6.3 sec)

97% '*®Xe(17.0 min)
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TABLE Al (Contd.)

139xe

l40xe

1311

1321

1331

1341

1351

4% 13®Xe + n
1(2.0 sec)
96% *9Xe(41.0 sec)

I(1.5 sec) —=Xe(16.0 sec)

In(1.0 sec)—=Sn(3.4 min) —>Sb(23.0 min) 20% 1(8.05 d)
85% 1%,(24.0 min)

Sn(2.2 min)—=Sb(2.1 min)—=Te(78.0 hr) —=1(2.3 hr)

Te,;(52.0 min)

72% 87%
Sn(2.0 sec)—=Sb(4.1 min) 13%/ 1(20.8 hr)
28% .
Te,(2.0 min)

Sb(48.0 sec)—=Te(42.0 min)—1(53.0 min)

Sb(6.0 sec)—=Te(1l.4 min)—1(6.7 hr)

Table A2 gives the activities A N of individual radionuclides at vari-

ous decay times following instantaneous fission of 8.435 x 10° atoms of 2*°U.2
The decay times listed are in seconds. The unit of activity is d/sec per
8.435 x 10° fissions. Listed immediately under each isotope name is its
decay constant A = 0.6931/’1'1/2.



KR=R3

TIME

25,

250,
400,
630,
1000,
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

TIME

0.

10,
25,
40,
63,
100,
160.
250,
400,
650,
1000,
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

TABLE A2. Activities vs Decay Time

GE
n.347€ 00

0.591E 03
n.510E 03
n.225F 02
ne124E 00
N 6R7E=03
Ne237E=06
0.000E 00
n.000E 00
0.000E 0O
n.000F 00
0.000E 00
n.000FE 00
0,000E 00
p,000E 00
n.000E 00
n,0N0E 00
n.000E 0O
n.000E 00
n.000E 00
n.000E 00
0,000 00

BR
nN.800k=04

n.483E=03
ne?731E=03
n.637E=02
n,233E=01
ne413E=01
n.653E«01
n.961E=01
n«128E 00
f‘o155E 00
n.177€ 00
ne194E 00
n.215E 00
p.237E DO
n.255E 00
n.259E 00
n.236E 00
n.183E 00
p:I3SE"DD
n.558E=01
n,168E=D1
n.265E=02

AS
0,990F=01

0.,191F 03
0,230F 03
0.169F 03
0.,403F 02
0.913F 01
0.936F 00
0.,240F=01
0.631F=04
0.850F=08
0.000F 00
0.,000F 00
0.000F 00
0.000F 0O
0.000F 00
0,000F OV
0.000F 00
0.000F 00
0.000F 0N
0,000F 00
0.000F 09
0.000F 00

KR83
0,101F=03

0.000F 0O
0.598F=07
0.285F=05
0.248F=04
0.,740F=04
0.199F=03
0.505F=04
0.119F=02
0.248=02
0.,497F=02
0.414F=02
00163;"01
0.288F=01
0.,479E=01
0.777F=01
0.113F 00
0.143F 00
0.143F 00
0.104F 00
0.445F=01
0.922F=02

SE1
0,100E-01

0,282E 01
0,373 01
0,119E 02
0,158 02
0,148 02
0,121 02
0,837 01
0,458k 01
0,185F 01
0,411k 00
0,908F=01
0,991FE~03
0,239E=05
0,283E=09
0,000F 00
0,000 00
0,000 00
0.000E 00
0,000 00
0,000F 0O
0,000 00

SE2

0.460Ew0S

0.130E
0.1R5E
0.710E
0.107E
0.115€
0,117E
0.117E
0,116E
0.,112€
0.106¢E
0.,951E
0.802¢E
0.607E
0.401E
0.200E

00

0.692E+01
0,125Ew01
0.783E=0D3
0.122Ew04
0.119Ee07

0.,000E

00
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KR-85

TIHE

100,
160,
290,
400,
630,
1000,
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

KR=87

TIME

100,
160
250,
400,
630,
1100,
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

SF
n«178E=01

n.913F 02
n.137€ 03
r.152E 03
ga10D1E 03
b.l77E D2
n,516E 02
n.268E 02
n.921E 01
n«186E 01
n,y129E 00
n,217E=02
ne302E=05
ne707E=10
0.000E 00
pn.000E 00
0.000F 00
n.000F 00
n,000E 0O
n,000F 00
n.000E 00
n,000E 00

AS
n.462E 00

n.725E 03
n.457€ 03
ns714E 01
n.697Em02
ne6R1E=0S
nelAS5E=D9
n.000E 00
n.000E 00
n.000E 00
n.,000E 00
n.000E 00
n.000F 00
n.000E 0D
n.000F 0D
n,000E 0O
n,000F 00
n,000F 00
n.000E 00
ns000E 0O
n.000E 00
n.000F 00

TABLE A2 (Contd.)

BR
0.384E=02

0.812F 01
0.855F 01
0.,131F 02
0.189F 02
0,228F 02
0.263F 02
0.278F 02
0.254F 02
0.192F 02
011002
0,457F 01
0.110E 01
0,109F 00
0,341E=02
0.106F=04
0.150F=08
0.000F 00
0.000F 0O
0.000F 00
0.000F 00
0.,000F 0N

SE
0,433F=01

0.329 03
0,340F 03
0.261F 03
0.137F 03
0. 705602
0.264F 02
0.,531F 01
0.395F 00
0.800F=02
0.120F=04
0.567F=09
0.,000F 09
0.000F 0V
0.000F 00
0,000F 00
0,000F 00

0.000F 00 ,

0.000F 00
0.000F 00
0.000F 00
0.000F 00

KRB5
0,438E~04

0,205E=~02
0,241E~02
0,669E=02
0,173€~01
0,310E-01
0,559E=01
0,100 00
0,170 00
0,257 00
0.352 00
0,422 00
0.454E 00
0,454E 00
0,437E 00
0,410 00
0,370 00
0,315E 00
0,242 00
0,163F 00
0,R848E~01
0,3106~01

BR
0,1276=01

0,115 03
0,118 03
0,138F 03
0,147 03
0,139€ 03
0.115E 03
0,765k 02
0,3865E 02
0,117 02
0,473 01
0,930E-01
0,R41E=~03
0,408E=06
0,000E 00
0,000E 00
0,000E 00
0,000 00
0,000 00
0,000FE 00
0,00VE 00
0,000 00

XR87
0,148E«03

0,410 00
0,433 00
0.663E 00
0.105E 01
0.,139E 01
0.184E 01
0.234E 01
0.279E 01
0,303 01
0.,308E 01
0.299E 01
0.284E 01
0,259E 01
0.227E 01
0,182E 01
0.1298.01
0,748 00
0,307E 0O
0,811Ewp01
0.879E%02
0,291E=03



KR~88

TIME

Cig

10,
25,
40,

63
100,
160,
250,
400+
630,
1000
1400,
2500,
4000,
6300,
10000«
1s000,
25000,
40000,
63000,

KR=89
TIME

0.

i,

1o,
25,
40,
63,
100,
160,
gal,
400,
650
1000,
1600,
2500,
4000,
630C,
10000,
16000,
25000,
40000,
63000,

SF
ns277E 00

ny193E 04
n.160E 04
n.132F 03
n,207E 01
n.323E«01
N,549Em=04
ne193En08
n.000E 0O
n,000E 0o
0*000E 00
n,000E 00
n+000E 00
0,000g 00
n,000E 0O
0,000E 00
0,000E 0o
pt000E 00
0,000E 00
n.000E 00
0,000E 0O
0.000E 00

ek
ne347E 00

n.164E 04
n,120¢ 04
n,529E 02
ne292E 00
ﬂvlélE'Ui
ny558E=06
0,160Eall
0.000E 0O
n.000E 00
0,000E 00
n*000E 00
0.,000E 00
r.000E 0O
n,000E QO
n.000E 0O
n,000E 00
n,000E 0O
0,000E 00
n,000g 00
0,000E 00
0.000F 0O

BR
0.425F=01

0.610F 03
0.661F 03
0.625F 03
0.343F 03
0.,181F 03
0,682 02
0.141F 02
0.110FE 01
0.240F=01
0°4076=04
0.,230E=08
0+000F 00
0,000 00
0.000F 00
0.000F 00
0.,000E 00
0+000F 00
0.,000F 00
0.,000F 00
0.000F 00
0.000F 00

BR
0+157¢ 00

0.266F 04
0,248F 04
0,798F 038
0.790F 02
0.746F 01
0.199F 00
0,586F=03
0.460F=07
0.,000F 00
0.000F 00
0+000F 00
0.000F 00
0.0008 00
0,000 00
0.000F 00
0.000F 00
0.000F 00
0.000F 00
0,000 00
0.000F 00
0.000F 00

KRB8
0,688E=04

0,504E 00
0,566E 00
0,107€ 01
0,15% o1
0,181E 01
0,198 01
0,205 01
0,206E 01
0,205E 01
0+203E 01
0,200F 01
0+195E 01
0,187¢ 01
0,176 01
0,159€ 01
0,135E 01
0+105e 0%
0,695E 00
0,374€ 00
0,133E 00
0,274€-01

xR89
0+361E=02

0,538 02
0,646 02
0,112 03
0,121F 03
0,116E 03
0,107 03
0,934 02
0,752 02
0,544E 02
0,816E 02
0+138€ 02
0,363 01
0,416E 00
0,161E=01
0,717€=04
0,178E707
0,000 00
0,000 00
0,000 00
0,000 00
0,000 00
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KR=90
TIME

0.
1

ig,
25.
40,
63,
100,
160,
250,
400,
630,
1000.
1600,
2500,
4000.
6300,
10000,
16000,
25000,
4000C,
63000

KR=91
TImE

)

0.

b
40,
65,
i00,
1605
250N
400,
630,
1000,
1600,
2500,
4000~
6300,
j0000,
16000,
25000,
40000,
63000,

BR
ny433E 00

n,658E 04
nv499F 04
n.lole 03
n.152E 00
N,229E~03
ne108E=D7
n,000E 0O
0,000F 00
n,000E 00
n,000g 00
0,000F 0O
D,000E 00
n,000E 00
0.000E 00
n000E 00
p.000E 00
n.000E 00
n.000E 00
n.000F 00
n,000E 00O
ne000E 00

BR
n.347F 00

n.322F 04
n.237E 04
n*105E 03
n.278E 00
ne319E=02
0+110E=0Q5
Ne297Ee11
n.000E 00
n.000E 00
N.000F 00
n.000F 00
n.000E 00
n.000E 00
n,000E 00
n*000E 00
n,000F 00
N.000E 00
n,000E 00
0,000E 00
0.000E 00
0,000E 00

TABLE A2 (Contd.)

KR90
0,210F=01

0.,466F 03
0.566F 03
0,643 03
0.472F 03
0.345F 0
0.,213F 03
0.978F 02
el
0.419F 01
0.179¢ 00
0,143F~02
0.,603F=06
0.,203F=11
0.,000F 00
0,000F 00
0.000F 0O
0.,000F OO
0.,000F 00
0.000F 0N
0.,000F 00
0+000F 00

KR91
0,693F=01

0.158F 04
0.166F 04
0°118F 04
0 %=7g 03
=
0.307F 02
0,236F 01
0.369F=01
0.,720F=04
0,220F=08
0.000F 00
0.000F 00
0.000F 00
0.,000F 00
0*000F 00
0.000F 00
0.000F 0O
0.000F 00
0,000F 00
0.000F 00
0,000F 00



XE=135,

TIME

0.

1.

10,
25.
40,
63,
100,
160,
250,
400,
630,
1000,
1600,
2500
4000,
6300,
10000,
16000,
25000,
40000,
63000,

TIME

0«

10,
25,
40,
63
1o0,
160,
250,
400,
630,
1000,
1600,
2500,
4000,
6300«
10000,
16000,
25000,
40000.
63000,

1 ANp 2

SB
n+115€E 00

n,426€ 03
ne379E 03
n,134E 03
ne237€E 02
n.419€ 01
n.294E 00
ﬂo409&-02
0,400E=05
n,122E=09
0,000 00
n,000E 00
0,000E 00
0,000E 00
n+000E 00
0,000E 00
0.,000E 00
0,000E 00
0.000E 00
pe+000E 00
p,000E 00
0.,000E 00

XE2
nes209E=04

ne821E=01
n,a?ZE.ol
n,828E=01
nsB839E=0D1
n.849E-01
n1B66E=DL
n,892Em0l
ne935E=01
ne998E=01
0,110 00
n,124E 00
n,144F 00
0.,170F 00
n.201E 00
n.240E 00
Anv287E 00
n.346E 00
n.416E 00
ne474E 00
0.490FE 00
n.420E 00

TABLE A2 (Contd.)

TE
0+B25F=02

0.157F 09
0.159F 03
0.164F 03
0+152F 03
0,136 03
0.113F 03
0.830F 02
0.506E 02
0.,241F 02
0,698 01
0.105F 01
0,494F~01
0.349F=03
0+208F=06
0,000 00
0.000F 00
0.000F 00
0.000F 00
0+000F 00
0.,000F 00
0.000F 00

1
0.287E=

0,691E
0,695E
0,7375
0+806E
0,R67E
0,949E
0,105E
0,116E
0,125E
0,430
0,132E
0,131E
0,128E
0+125E
0,120E
0,112E
0,101E
0,849E
0+655E
0,426E
0,220€

04

00
00
00
00
00
00
01
01
01
01
01
01
01
01
01
01
01
00
0o
00
00

%81

0+755E«03

0.296¢E
0+296E
0.294E
0+291E
0.,288E
0,28B4E
0.277E
0,266E
0.,251E
0,228E
0.,198E
0.1859E
0.115€
0+772E
0.,497E
0.372E
0.316E
0.265E
0-2045
0.,133E

01
ni
01
01
0l
01
01
01
01
01
01
01
01
00
00
00
00
00
00
00

0,686E=01

31
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xF=137

TIME

100,

250 ¢
400,
6380,
1000,
1600,
2500,
4000,
6300,
10000.
16000,
25000,
40000,
63000,

Tk
n.231E 00

n,897E 03
ne712€ 03
n.889E 02
R 278E 01
n,8h9E=01
ne427E=03
neB2BEmD7
0,000 00
n.000E 00
n.000E 00
n.000E 00
0.000€E 00
n,000E 00
n,000E 00
0,000 0O
n,000E 00
0.000E 00
n.,000E 00
n.000E 00
n,000E 00
0.000E 00

TE
Ne347€ 00

ne371E 03
n.263E 03
n«s116E 02
ne641E=01
ne354FE=03
ne122E=06
n.000E 00
n.000E 00
n,000FE 00
n.000E 00
0.000FE 00
n.000E 00
ns000E 00
n.000E 00
n.000E 00
0,000 00
ne*00UF 00
n,000F 00
0.,000F 0O
ny000E 00
n.000E 0O

TABLE A2 (Contd.)

I
0.,284F=01

0.527F 03
0.535F 03
0,479F 03
p,3eLEN03
0.,210F 03
0,109F 03
0,381 02
0.,693F 01
0.538F 00
0.,758E=02
0.110F=04
0.300F=09
0.000F 00
0.000F 00
0.000¢ 00
0.,000F 0D
0.000F 00
0.000F 00
0.000F 00
0.000F 00
0.000F 00

I
0.110€ 00

0.123F 04
0.114F 04
0.463F 03
0.899F 02
0173 02
0.1375 01
023401
0.318F=04
0.159F=08
0.000F 00
0.,000F 00
0.000F 00
0.,000F 00
0.000F 00
0,000F 00
0.000F 0O

0+000F 00«

0.,000F 00
0.000F 00
0.000F 0O
0.,000F 00

%E
0,296E=02

0,665 02
0,679E 02
0,798 02
0,931 02
0,100 03
0,108E 03
0,991 02
0,857 02
0,662E 02
0,425 02
0,215E402
0, 719603
0,122 01
0,845E~01
0,998E-08
0,109E~05
0,190E=10
0,000 00
0,000 00
0,000 00
0,000€F 00

XE
0,679E~03

0,158E 02
0,166E 02
0,211 02
0,231E 02
0,233E 02
0,231 02
0,225€ 02
0,216E 02
0,208 02
0,184E 02
0,157 02
0,122E 02
0,812 01
0,441F 01
0,159 01
0,333 00
0+270E=01
0,457E=03
0,101E=05
0,8776=10
0,000E 00



XE=139

TIME

0,

i,

30,
25,
40,
63,
100,
160,
250,
400,
630,
1000.
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
~3000,

XE=140

TIME

25,
40,
63,
100,
160,
250,
400,
630,
1000.
1600,
2500,
4000,
6300.
10000,
16000,
25000,
40000.
63000,

1
n.347€ 00

n.227€ 04
n162E 04
D.747E B2
n.$96E 00
ne219E=02
ne755E=06
ne204F=11
0.000E 00
n.000E 00
n.000E 0O
n.000E 0O
n«000E 00
n.000F 00
0.000E 00
n.000E 00
n.000E 00
n.000E 00
n.000E 00
n.000E 0O
n.000E 00
n.000E 0O

I
n,462E 00

n+141E 04
n.702E 03
n.110E 02
nel07E=01
n,105E=04
n.253F=09
n.000E 00
n,000E 00
n.000E 00
n.000E 0O
n.000E 00
0n.000E 00
n.000E 00
n,000E 00
n.000E 00
0.000E 00
0,000F 0O
0.000E 00
0,000E 00
n.000E 00
n.,000E 00

TABLE A2 (Contd.)

XE

0.169€~

0.392F
0.417F
0.423F
0.331F
0.257F
0.174€
0.931F
0.338F
0.738F
0.584¢

0.120F=
0.230F=
0,903F=

0.000F
0.000F
0.000F

01

03
03
03
03
038
03
02
02
01
00
01
04
09
00
00
00

0.,000F 00

0.,000F
0.000F

00
00

0.000F 00
0,000F 0V

XE

0.433F=01

0.738F 03
0.745F 03
0.552F 03

0.289F
0.151E
0.557E
0.112F
0.833F

0.169F=
0.254F=
0.120F=

0.000F
0.000€
0,000F
0.,000F
0.000F
0,000F
0.000€
0.000F
0.000F
0.000F

03
03
02
02
00
01
04
08

33
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15131
TIME

0,

10
2
40,

100,
160,
250,
400,
630,
1000,
1600
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

250,
400,
630,
1000,
1600,
2500,
4000,
6300,
10000,
16000,
25000-
40000,
63000,

N
ne693E 00

n'103E 04
n.517€ 03
n.101E 01
n.308E=04
Ne941E=09
n.000E 00
n.000E 00
0.,000E 00
0.,000E 00
n.000E 00
n.000E 00
0,000E 0o
ne000E 00
0.000E 00
n,000E 00
0N 000E 00
0.000E 00
n.000E 00
n.000E 00
n.000E 00
0.000E 0O

TE2
nN+4B81E=03

r,934E 00
ny936E 00
ne952E 00
n+9R1E 00
n,101F 01
n.106E 01
n,114E 01
n.127€ 01
n,148E 01
n«183E 01
n,232E 01
n.293E 01
ne343F 01
ne341E 01
n.260E nl
fyldek 01
ne3456 00
ne344E=nt
ne618Fmn2
nv213FE=02
N.443Em02

TABLE A2 (Contd.)

SN
0.340F=02

0,279F 02
0.304¢ 02
0,319 02
0.303F 02
0.288F 02
0.267F 02
0,235 02
0,192F 02
0.141F 02
0.848F 01
0.388F 01
0.110F 01
0+144F 00
0.6756=02
0.413F=02
0.,167F=07
0.000F 00
0.000F 00
0.000F 0O
0.000F 00
0.000F OO

1131
0.996F=06

0,794E=04
0.,804F=04
0.889F=04
0.104F=03
0.119F=03
0.142F=03
0.183FE=03
0.25% =03
0.380F=03
0.629F=D4$
0.,111F=02
0.209F"02
0.,402F=02
0.715F=02
0.117g-01
0.162F=01
0.189F=01
0.197F~01
0+°199F=01
0.200F=01
0.201F=01

SB

0,502~

0,555E
0,556
0,568E
0,587E
0,605E
0,630F
0,664E
0,708E
0,749E
0,775E
0,754E
0,663E
0+502E
0,321
0,151E
0,476E

0,742€~
0,365€E"
0,397~
0,212€~

0,000€

038

01
01
01
01
01
01
01
01
01
01
01
01

01
02
04
07
oo

TE1
0.642E=05

0.125E*n1
0,125Ee0n1
0,125E=01
0.126c%01
0.127E=01
0,128Een1
0,130Ew01
0,1345«01
0s141Eenl
0.151Ee01
0,168Ew01
0.193%«01
0+'226E=01
0,260Eenl
0,2R9Een]
0.,305E+01.
0.305Een1
0.295E"D01
0.279E=01
0.253E=01
0,218E=01


http://141E.P1

3l g

TIME

O,

10,
25,
40,
65,

100,
160,
250,
400,
630,
1000,
1600,
2500,
4000,
6300,

10000

16000,

25000,

40000,

63000,

SN
ne525E=02

n.391F 02
n.410E 02
n,392€ 02
n.362E 02
ne334E 02
n.296E 02
n.244F 02
n,178E 02
n.111€ 02
p.505E 01
n.151E 01
ny216E 00
n.926E=02
n.B821lE~04
ne311F=07
n.000F 00
ne000F 00
n.000F 00
n,000F 00
n«000F 00
n.000E 00

TABLE A2 (Contd.)

SB
0.550F=02

0,956 02
0.953F 02
0.926F 02
0.883F 02
0.840F 02
0.778F 02
0.684F 02
0.550F 02
0.390F 02
0.212F 02
0.783F 01
0.144F 01
0.,816c«01
0,941F=03
0.460F=00
0.,317F=11
0.000F 00
0.000F 00
0.000F 00
0.000F 00
0,000F 00

¥e
0,247€E-05

0,254E-01
0,256E~01
0,277E=01
0,311E-01
0,$43E=01
0,889E-01
0,4556=01
0,546E~-01
0,650E~01
0,758E=01
0,R34E~-01
0.B68E~01
0,873F=01
0,872E=01
0,869E=-01
0,R64E-01
0+A56E=01
0,843E=01
0,R25E=01
0,795€=01
0,751E=01

1132
0.B37Z=0n4

0.118E 00
0.118E 00
0.118E 00
0,118E 00
0.118E 00
0.117€ 00
0.117€ 00
0,117 00
0.116E 00
0.116E 00
0.115E 00
0,114E 00
0.113€ 00
0.111E 00
0.108E 00
0.104E 00
0+996Ewn1
0.938zw01
0.8R2EenN1
0.82B8Ew01
0,775Ew01
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1~133

TIME

10,
25,
40.

TO0
160,
2504
400,
60,
1000,
18045
2500,
4000«
6300,
10000,
16000,
25000,
40000
63000,

630,
1000.
1600,
2500,
4000,
6300,

10000
16000,
25000,
40000,
63000,

SN
n.347E 00

nel94E 04
n,137E 04
n.607E 02
n.335E 00
n+185F=02
n.639E=06
n.172E=11
n,000E 00
n.000E 00
n.000F 00
n,000E 00
0,000E 00
n.000F 00
n.000E 00
n+000E 00
n.000E 00
0.000F 00
n.000E 00
n.000E 00
n+000E 00
n,000E 00

1133
N.s926E=05

n.503Ew01
ne509E=D1
n.563E~01
n.64BE=01
0.730E=01
n.847Eap1
nel102E 00
n,126E 00
n,s154E 00
ne189E 00
n,224E 00
ne259E 00
n,294E 00
ne332€ 00
n.377E 00
n«419F 00
n*446F 0o
n,446F 00
n.417€ 00
ne364F 00
n,294F oo

TABLE A2 (Contd.)

SR
0.,282F=02

0.632F 02
0.677F 02
0.764F 02
0.737F 02
0+707F 02
0,663 02
0.547F 02
0.504F D2
0,391 02
0.256F 02
0.134F 02
0,473F 01
0.872F 00
0,690F=01
0+101E=~02
0,155e=05
0,458c=10
0,000F 00
0,000F 00
0+000F 00
0.000F 00

TEL

0,222E~

0,245E
0,246E
0,256E
0,273F
0+289E
0,313
0,347E
0,395E
0,451F
0.511E
0,55%E
0,557E
0,507E
0,419E
0+301F
0,180
0,793F
0,209E

03

00

0,283F=01

0+101E~
0,610~

02
05

TE2
0.578E

0,636E
0,633E
0.612E
0,579E
0°*548E
0,504E
0,442E
0.359E
0.265E
0.166E
0,852F
0.,337E
0,116E
0.604E
0+407E
0.244E
0.107E
0.233E
0,383F
0+137E
0.825€

02

n2
ne
02
02
02
02
02
nz2
02
n2
0l
01
01
00
00
no
00
=Nl
N2
*n3
«06



1-134

TIME

o0,

b 2

10.
25,
40,
63,
100,
160,
250,
400,
630,
1000,
1600,
2500,
4000,
6300,
10000,
16000,
25000,
40000,
63000,

1=135

TIME

100,
160,
250,
400,
630,
1000,
1600,
2500,
4000.
6300,
10000.
16000.
25000,
40000,
63000.

SR
nel44F=01

ns207E 03
ne217E 03
N.s190F 03
n.s153E 03
n+123E 03
n.885k 02
n,519E 02
n.218E 02
ne595E 01
ne6B2E 00
Ne246E=01
ﬂ.iiGE-OS
ne203FE=07
0,000E 00
n,000E 00
n.000E 0O
0.000E 0O
n«000E 0O
n,000E 00
p,000E 00
n.000E 00

SR
n+115E 00

n.426F 03
n.379E 03
n.237E 02
n.419F 01
ne294E 00
n409EmD2
0+400E=05
n.122E=09
n.000E 00
p.000E 00
0.000E 00
0.000E 00
n.000E 00
n.000E 00
n.000E 00
n,000E 00
0.000E 00
0.000E 00
n,000E 00
n.000E 00

TABLE A2 (Contd.)

TE
0.275E=03

0.877¢ 01
0.883F 01
0,931 01
0.997¢ 01
0.105F 02
0,111F 02
0.117¢ 02
0.121F 02
0.121F 02
0,117 02
0.110F 02
0,990F 01
0.,840F 01
0.,656F 01
0.,434F 01
0.,231F 01
0.833F 00
0+160F 00
0.135F=01
0.217E=03
0.,3889F=06

TE
0.825F=02

0.157€ 03
0.159¢ 03
0.164F 03
0.152F 03
0.,136F 03
0.113F 03
0.830F 02
0.506F 02
0,241E 02
0.698F 01
0.105¢ 01
0.494F=01
0.349€=03
0.208E=06
0,000 00
0.000F 00
0.000F 00
0.000€ 00
0.000F 00
0.000F 00
0.000F 00

1134
0,218E-03

0,399 01
0,499 01
0,400 01
0,402 01
0,404E 01
0,407 01
0,413F 01
0,423 01
0,439E 01
0,463E 01
0,495 01
0,538 01
0,584E 01
0,612 01
0,589E 01
0,480F 01
0,289E 01
0+403E 01
0,180€ 00
0,795E~02
0.569E-04

1135
0,287E=04

0,491 00
0.695E 00
0,737 00
0,B06E 00
0,867 00
0,949€ 00
0,105 01
0,116 0l
0,125E 01
0,130 01
0,132 01
0,131 01
0,128 01
0,125 01
0,120 01
0:1312E 0%
B.101€ 03
0,849E 00
0,655 00
0,426k 00
0,220 00

37
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APPENDIX B

Sample Problem

The sample problem is a calculation of the number of 1341 atoms
released from the stack for 15 min (FINTIM=900 sec) following the start of
the accident. Instantaneous release of fission products to the cell air
(RATE=0) and filter holdup of precursor atoms (PATH=1) are considered.

GASOUT uses a time interval, At:;, of 0.5 sec for the first 30 sec
following the start of the accident. During this time the cell pressure
builds up, peaks, and begins to decay. This time interval adequately
reproduces the pressure curve reported for the DBA analysis in Ref. 1 in
which smaller time intervals (~0.01 sec) were used. For times greater
than 30 sec, when the pressure varies slowly, a longer time interval
(input parameter DTX) can be used. For this example DTX=4.0 sec was
chosen. Stability of the numerical method for these time intervals was
checked by dividing all time intervals in half and verifying that the same
answer was obtained.

Table Bl lists the total number of gas atoms released from the
stack after 15 min for each of the Kr, Xe, and I fission products considered.

TABLE Bl. Total Number of Gas Atoms Released
from Stack after 15 min
(normalized to 8.4351 x 10° fissions)

A = Instantaneous release of fission products with no filter
holdup.

B = Instantaneous release of fission products with filter holdup.

C = Constant burning rate release of fission products with
filter holdup.

Isotope A B C
83Kr 4.3 x 103 1.3 x 10% 1.4 x 10!
85Kk r 1200% 10* 1.0 x 10* 1) x 102
By 2.0 1o* 2.0 x 10* 2.2 x 10*
88Kr 2.8 x 10* 2.8 x 10* 3.1 x 10°
::Kr 2% 10° 2.3 x 104 9.8 x 10%
qlKr 9.7 x 103 9.7 x 103 L2'x 10®
“§<r 2.2 x 104 2.2 x 103 1.7 x 10!
meI 1.8 x 104 3.3 %107 3= 18°
137XeH 3.7 x 104 5.6 x 103 6.7 x 10?
”aXe 3.0 x 10‘ 3.0 x 10* 1.5 x 10°
lmx«a 3.0 x 10] 3.0 x 10* 2.8 x 103
HOXe 8.9 x 10} 8.9 x 103 1.2 x 10%
me 2.4 x 104 2.4 x 10° 2.2 x 10!
”21 2.3 x 104 1.7 x 103 2.0 x 10%
mI 3.5 x 104 *1.4 x 10° 1.5 x 10?
mI 5.2 x 104 2.6 x 10* 2.9 x 10°
ml 6.1 x 104 2.6 x 10* 2.8 x 10?
1 4.4 x 10 4.4 x 10* 5.0 x 103
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For some gas isotopes (e.g., °Kr), including filter holdup of precursor
atoms (Case B) gives the same number of atoms released from the stack
as the number obtained with no filter holdup (Case A). For these isotopes
the precursor atoms have a short half-life so that the time holdup in the
filter is small compared to the time of the problem. Filter holdup of
precursor atoms can then be neglected.

Sample Problem- -Input

(1134) 1SOTOPE CHAIN SB=TE-I
10

12 0 1

4,0 900.0 1.0

1134 2.1BE=4

3,99 3,99 4,0 4,02 4,04 4,07
4,13 4,23 4,39 4,63 4,95 5.38
SH  .01444

207, 217, 190. 153. 193% 88,5
51.9 21.8 5,95 .682 L0246 ,000118
TE 2.75E=4

8,77 8,83 9,31 9.97 10.5 11,1
11.7 A2 1253 11,7 11,0 9.90
XXXX 1.0

0,0 0.0 0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0.0 0.0
XXXX 1.0

0.0 0.0 0,0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0.0 0.0
RXXX 120

0.0 0.0 0.0 0.0 0.0 0.0
0.0 0,0 0.0 0,0 0.0 0.0



Sample Problem- - Output

PRUGKAM GASOUT
(I134) ISOTUPE CHAIN SB-TE-I

RATE=C, THIS PRUBLEM CONSIDERS INSTANTANEOUS BURNING
PATH=1, THIS PATH INCLUDES FILTER HOLDUP OF PRECURSORS

DECAY CHAIN

ISOTOPE LAMBDA
1134 24 1800CE-04
SB le 4440CE-02
ME 24 7500CE-04
XXXX 1.0000CE 00
XXXX 1.GCO0CE 00
XXXX 1.00C0CE CC

INTERPOLATION TABLE FUR TOTAL NO. OF ATUMS

J T1ME 1134 ATOMS PRECURSUR ATOMS
1 6.0C 1.83028t-04 4.62261E 04
2 7.00 1.83028E 04 4471368BE 04
3 le.0C le 83486E 04 4.7C124E 04
4 31.0C l.B4404E 04 4.68501E 04
5 46400 1.85321E 04 4.66998E 04
6 69.(0 1. 86697E C4 4.64924E 04
T 106400 le B9449E U4 4461396E U4
8 16640C 1.S4037E 04 4.55097E 04
S 256400 2.01376F 04 4¢44120E 04
10 4064C0 2. 12385E 04 4e25927E (L4
11 636400 2427C64E 04 4.00C17E 04
12 10C6.0C 2446789E 04 3.60C0CE 04

TIME INTERVALS
FUR TIME LESS THAN 30 SEC, DT= (.5 SEC

FOR TIME GKEATER THAN 30 SEC, DT= 4.00 SEC

PRINT UUTPUT EVERY 1C TIME STEP


http://16.CC

ISOTOPE CHAIN SB-TE-I

(I134)
ouTPuT
OUT OF CELL
J TIME
1 0.500
Ll 54500
23 10.500
= § 154500
41 20.50C
51 254500
61 34,030
71 74.000
81 114.C0C0
91 154.000
101 194.000
Ty 2344000
121 274060
131 314.020
141 354,000
135 394.C20
161 4344000
171 474,000
181 5144000
191 554.C00
201 594.00C
211 634.C00
221 674.000
231 1144000
241 7544000
e51 794.000
261 8344000
271 874.C00C

GAS IN

1. 83C28E
1.83028E
16 83193E
1.82250E
1. 70462E
1.57204E
1.39628¢t
9.97374E
8¢ 29651E
7.16210¢t
6e26TCHE
5450881E
4484331E
4e2531 8t
3.,73301E
3.27482E
2486822k
2e509064E
2419523E
1.91970E
1l.67837E
1l.46708E
1.2B005E
Le11651k
9e.73746E
Be49149E
7T+40420E
6e45553E

TOTAL GAS ATCUMS OUT OF CELL

TOTAL PRECURSUR ATOMS UUT OF CeLL

04
N4
(s
04
04
G4
04
03
03
c3
03
03
03
a3
03
G3
Gc3
o3
03
03
03
e3
03
v3
02
G2
02
02

P

REC IN

4.09895E
4.55431E
4,70919¢t
4.67156E
4.35710¢t
4.0C6S51E
3.54550E
2447923F
2.01295t
1« 69458E
1le 44387E
le 23494E
1. C5732E
S.05175E
7. 746C0E
6.625T1E
5.66822E
4484B91E
44 14689E
3.54564E
3.03090CE
2.59037E
2421438E
1.89275E
leol758E
1. 38222E
1. 1809 3E
1.00880E

1.89558t 04
4e4236BE 04

04
04
04
04
04
04
04
04
04
04
Q4
04
04
03
03
03
03
03
03
03
03
03
03
03
G3
03
u3
03

TOTAL NUMBER OF ATOMS OUT OF CELL = 6.31926E 04

GAS out

0.0

C.0

0.0

5.21172E
1.53637E
1.21994E
8.01293E
2.51325E
1.47892E
l.11826E
9.28270E
Be02562E
T.C3665E
6.18820¢
5.44350¢E
4478520t
4.19805E
3.671788E
3.22024E
2.81835E
2446549E
2.15605E
1.88180E
Leb418BUE
1.43215E
1.24907E
1.08926E
9.49767E

PREC OUT

0.0

0.0

2.0
01 1.33591E
02 3.92703¢k
02 3.10946E
2 2.03468¢t
02 6424733E
02 3.58824¢E
02 2.+ 64586E
01 2.13864E
01 1+ TH915E
01 le53614E
01 1.31701E
ul 1.12953E
01 9.68155E
ol 8429625¢
ol T«10610E
01 6.08320E
o1 5.20541E
01 4e45231E
ol 3.80685¢E
Ccl 3.25538E
01 2418325E
ol 2437908E
01 2.03320¢E
ol le 73730E
00 le48420E

02
02
03
02
02
c2
02
02
02
02
02
01
01
01
01
01
vl
01
o1
01
01
01
o1
01

84



(I134) ISUTOPE CHAIN SB-TE-I

OUT OF STACK
GG = GAS OUT OF STACK DUE TO GAS OUT OF CELL

GP GAS OUT UF STACK DUE TO PRECURSORS OUT OF CELL

J GG GP

1 0.0 0.0

11 ClC 0.0

21 Ge0 Ce0

31 C.0 0.0

41 Ge0 C.0

51 Ue0 0.C

61 le11438E 03 3.432SCE 00
e 4,04868E 02 l«52C65E Ol
81 2.05204E 02 2414435€E 01
91 0.0 2442357E Ol
101 le 19364E 02 3.06564E C1
111 1.01550E C2 3,29435E 01
121 0.0 3.44953E 01
131 7.91070E C1 3.,62C05E 01
141 7.14C71E 01 3. 753 8B7E 01
157 6446032 01 3.,87321E 01
161 CeC 3.69614E C1
i71 5434382t 01 3,78439E 01
181 4,68892E C1 3,863C9 01
191 0.0 3.,92491E C1
201 4.09063E 01 3.98833E 01
211 3.74160E 01 4,03812E Ol
221 0.0 3.91405E 01
231 3,16006E 01 3.954C1E (1
241 2+92331E 01 3.98453E 01
251 Cel 4.01595E 01
261 245353CE 01 4,04252E 01
271 0.0 4406218E 01

TOTAL GG OUT STACK
TOTAL GP OUT STACK

1.83359E (4
T.57694E 03

"non

CHI= 1.000
CHI*GP= T7.57094E 03
(1-CHI)*6P= 0.0

FINAL NUMBER UF 1134 ATOMS OUT STAGK = GG + CHI*GP = 2.59129E 04



LEVEL 16 ( 1 JULY 68)

ISN

ISN
ISN
1SN

ISN
ISN
1SN
ISN
I5N
I5SN
ISN

ISN
1SN
ISN
ISN
15N
SN
ISN
ISN
SN
ISN
LSN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
SN
ISN
ISN
ISN
ISN
ISN
1SN
Isn
ISN
ISN
SN
ISN
1SN
1SN
ISN
ISN
ISN
ISN

0002z

vuo3
0GL4
ooLs

00ue
acor
ocos
00C9
0cCl1c
uill
0dle

09713
“0l4
0cls
Co0lo
Quiz?
0018
0019
¢oec
ouel
0cee
0023
0024
0025
o026
Q027
028
w030

€031
032
0033
0034
Ge35
Cl3e
cosr
€38
0039
004l
€041
0042
G433
uCae
GL45
Goso
0047
0046
oC4s
0050

CUMPILER OPTIONS - NAMe=

[siakslslaNalaNalaNal ol

[aXaNalal

APPENDIX C
Code Listing

MAIN,OPT=0C s LINECNT =57y SUURCE EBCOIC,NULIST,NIDECK,LOAD

PRUGKAM GASOUT MAPyNOED LT, IDyNOXREF

JANUARY 197C
CALCULATES AMOUNTS OF ISOTOPES EXPELLED FKOM CELL IN A DBA

RATE=0 MEANS INSTANTANEOUS RELEASE OF FISSION PRODUCTS
RATE=1 MEANS CUNSTANT RELEASE RATE FUR ONE HOUR

PATH=C MEANS NO HULDUP IN FILTER, TIME INUEPENDENT
PATH=1 MEANS INCLUDE FILTER HOLDUP, TIME UEPENDENT

DIMFNSTON BLI20),C1(20)40D1(20)4EL(20)PREVUTISI9).FI999),
XPRESTKI999)yFPL999) y TENDI999) ,UT(999), IUENT(20), T2(999),
XAL(20)y OUTCEL(999) yUUTSTK(999) ,TOT(2C ) INCELLI(999),PREINIS99),
XD(999) 4E(995)4FLI20) 4A(999) ,6(999).,C(999),T1L21)

REAL INCELLsLAMEA,LAMBB,LAMBC, LAMBO,LAMBE, LAMBF,MU

INTEGER RATE,PATH

DATA T1/6a9Teslba13la146016941106441664425640
X4( 0016364910000y 16060 125064140064 1630644100064 ,160064425006440006
Xe 9630064/

1 FURMAT (6E12.5)
2 FUKMAT (A4,EL2.5)
T FOKMAT (20A4)

1€ FURMAT (1216)

115 READ (3,7) IDENT

REAU (3,10) N1,RATE,PATH,JOT
READ (3,1) OTX,FINTIM,CHI

ODT(1)=0.5
TENO(1)=DT(1)
T2(1)=0e25
V0 114 J=2,6C
OT(J)=045
Jy=J-1
T2UJ)=TEND(JJI) +0.5%0T (J)
114 TEND(J)=TENU(JJ)+DTLI)
Ji=61
113 J=J7 .
DT(JI=0DTX
Ju=Jd-1
TZUJI=TEND(JJ) #0.5%0T (J)
TEND(J)=TEND(JJ)+OT(J)
JT=J+1
IF (TEND(J)«LTLFINTIM) GO TO 113
N2=J

READ IN ATUM NUMBERS AT TIMES T1(1D)
ALWAYS INPUT NOBLE GAS DESIRED FIRST

READ (3,2) NAMEA,LAMBA
READ (3,1) (ALCL),I=1,N1)
KEAD (3,2) NAMtB,LAMBB
READ (3,1) (81(1)sI=14N1)
READ (3,2) NAMEC,LAMBC
READ (3,13 (CL(I),I=1,N1J
READ (3,2) NAMED,LAMBD
READ (3,1) (DLUI)I=1yN1)
READ (3,2) NAMEE,LAMBE
KEAD (341) (EL(L),I=1,N1)
READ (3,2) NAMEF,LAMBF
READ (3,1) (FLUI)sI=1,4N1)
WRITE (4,19)

19 FURMAT (1H1)
WRITE (4,35)

35 FURMAT (15H PRUGRAM GASQUT//)
WRITE (4,7) (IDENT(L)y1=1,20)
IF (RATE) 31,31,34

31 wKITE (4,30)

36 FURMAT(//53h RATE=Q, THIS PRUBLEM CUNSIDERS INSTANTANEOUS BURNING)

05/360 FURTRAN H DATE 70.012/12.04.24

e -
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Isn
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ISN

LSN
ISN
LSN
ISN
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ISN
ISN
ISN
ISk
ISN
1SN
LSN
ISN
SN
LSN
1SN
ISN
ISN
15N
ISN
1SN

ISN
ISN
1SN
L5y
ISy
ISN
L5
ISN
ISN
ISN
ISN
1SN
1SN
ISy

3051
0C52
0o53
Gi54
0055
0056
0957
uaba8
CC59
€260
odel
0062
Quo3
CGo4
CcCed
[alel-1)
Ge?
Cles
[sDT]
Q070
co71
ac72
C073
Cure
0075
CC76
oC77
2078
079

O0gu
Glel
Cuo2
ccsa3

6C54
OCab5
0Cs0
CCa?
Luel
vuvo
0091
uSz
UCv3
ou94
G095
Juse
0097
oC e
0C99
(Bd¢
cicl

Ollz
£153
Clue
viLd
G1c6
CLe7
vivg
01.9
G110
Ol11
ull1z
G113
Clla
0115

cooooo0

ano

GU TO 95
34 WRITE (4,92)
92 FURMAT(//52h RATE=1,THIS PRUBLEM CONSIDEKS CONSTANT BURNING RATE)
95 IF (PATH) BU,8C,81
BU WRITE (4,82)
82 FUKRMAT (4SH PATH=0, THIS PATH UOES NUT INCLUUE FILTER HOLDUP)
GU TO 6
Al WRITE (4,83)
83 FURMAI(55H PATH=1, THIS PATH INCLUDES FILTER HOLDUP OF PRECURSORS)
WRITE (4,38)
FUKMAT (//12H DECAY CHAIN//2Xy22H 1SOTOPE LAMBDA//)
FORMAT (0XgA4y4Xy1PEL1245)
WRITE (4,9) NAMEA,LAMBA
WKITF (44,9) NAMEb,LAMBB
WRITE (4,9) NAMEC,LAMBC
WRITE (449) NAMED,LAMBD
WRITE (4,9) NAMEE,LAMBE
WRITE (4,9) NAMEF,LAMBF
DO 16 J=1,N1
AL(J)=AL1(J)/LAMBA
B1l(J)=B1(J)/LAMBB
Cl(J)=Cl(J)/LAMBC
D1(J)=D1(J)/LAMBD
E1(J)=EL(J)/LAMBE
F1(J)=F1(J)/LAMBF
DU 57 J=1,N1
57 TOT(J)I=E1(J)+CLIJ)+DL(JI+EL(J)+FLLJ)
WRITE (4,58) NAMEA
58 FORMAT (///43H INTEKPULATION TABLE FOR TUTAL NO. UF ATOMS//
X6Xy0H JyloH TIME,6XyA4,8H ATUMS ,16H PrECURSOR ATO
XMS/77)
WKTTE (4.59) (JyT1(J)9AL(J)oTOT(J) yJ=1yN1)
59 FUKMAT (6Xy164(PFl642+1PEL1645y1PEL645)
WRITE (4,74) DTX,JuUT
74 FURMAT (////15H TIME INTERVALS//41H FOR TIME LESS THAN 30 SEC, U
lI= Ce5 SEC//36H FOR TIME GREAIER IHAN 30 SELy DI=F54244H SeL///7
21SH PRINT GUTPUT EVERYI3,10H TIME STEP)

o oo

i

@

INTEKPULATION

GIVEN ATUM NUMBERS AT TIMES T1(I)y FIND VALUES AT TIMES T2(J)
REQUIRES T1(1)eLEeT2(1) AND TL(N1)aGT.T2(N2)

I=1
00 15 J=1,N2Z

11 LI=I+1
IF (T2(J).GT«T1(II)) GO TO 12
OT1=T1(II)-T1(I)
DT2=T12(J)-T1(1)
ALPHA=UT2/0T1
ALJI=AL(T)+ALPHA®(AL(IL)=ALLI))
BIJI=8LU1)+ALPHAX(BLULL)-BL(1))
ClI)=CLUL)+ALPHA*(CL(II)=CL1(1))
DI =01(1)+ALPHAX(DL(TITL)=-D1(1))
ECJ)=ELCL)+ALPHAS(EL(TTI=-EL(L))
FIJI=FLOI)#ALPHA%(FL(LL)=F1(1))
GO TO 15

1z 1=1+1
GO TO 11

15 CONTINUE

v

SET INITIAL CONDITIUNS

CFSP=4040
V=3€e500.

3=0.0C
w3=270Ca
FILIN
DU 117 J=1,N2
JUTSTKIJ) =0,
PRESTK(J) =(ef
110 FP(J)=047
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1SN
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o117
o118
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0121
0122
6123
ules
d126
0127
0123
0129
0130
0131
0132
0133
0134
0135
PET
0137
0139
0141l
0142
0143
Ola4
Nl46
0l47
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158

0159
0160
0lel
0162
0le3
Cles
0165
0l6o
01e7
0le8
0169
0170
0171
0172
N7
0174

0l70
Q177
0178
0180
0181
0183
0lé4
0le5
olse
ols?
0ls8
0189
c1s0
0191
o193

Lalalal

ocooo0

2

-

2

w

30

302

303
51

82

45

46

4

p

52
63

53

UELTA=C.C
COMPUTE PRESSUKE.FACT=Dw/W1

DO 73 L=1,N¢

LK=L

IF (TIME.GT.13.0) GU TO 21
DP=u,0

Gu TO 30

IF (TIME.GE.19.235) GO TO 23
U=(5.1EC4)*DT(L)
UP=24,13%y/v

GU TO 30

QU=920,0%0T(L)

OP=2.13%Q/V

TR1=TR2

PAL=PA3

PGL=PG3

PA2=PAL+DP

PL2=PA2-14,7
PAM=(5%0P)+PAL
PGM=PAM-14,7

IF (TIME.LT.20.) GO TO 302
IF (PGMJLEL0.C) GO TO 71
DTEMP=TR1*0P/PAL
TR2=TR1+0TEMP

TM=( 4 S*DTEMP ) +TR1

IF (TR2.0E.1400.0) GO TO 51
GO 10 52

TR2=1400.0

TM=1400.0
DVOL=CFSP*UT (L) *PGM
VM=TM/ (2. 7T%PAM)

Uw=DVUL/VM

WizW3

FACI1=DW/W1

R=1l.C-FACT

w3=Wl-Dw

PA3=PA2*n3/Wl

PG3=PA3~-14.7
TIME=TIME+DT(L)

NOW DU ISOTUPE CALCULATIONS

ATOMS=B (L)+CIL)+D(L) *+E(L)+F(L)
IF (RATE) 45,45,4¢
BETA=FACT*REMAIN
KEMALN=REMAIN*R
INCELLOL)=REMAIN*A(L)
PREIN(L)=REMAIN*ATOMS

GO Tu &7
BURN=DT(L)/360GC.0
DELTA=MU*DELTA+BURN

MU=K

BETA=FACT*DELTA
INCELL(L)=R*DELTA*A(L)
PREIN(L)=R*DELTA®ATOMS
OUTCEL(L) =BETA*A(L)
PREOUTIL ) =RFTASATOMS

IF (PGMeLT40ul) GO TO 73

DKTIME=14044/PGM
THETA=T2(L)+UKT1ME

IF (THETALGT.TEND(N2)) GO TO 72
DO 62 K=1,N2

IF (THETALLE.T1(K)) GO TU 63
CUNTINUE

KK=K-1

OTL=TL(K)=T1(KK)

DT2=THE TA-T1(KK)

ALPHA=DT2/0T1
GAS=AL(KK)+ALPHA®(AL (K)-AL(KK) )
GG=BETA%GAS

DO 53 J=L,N2

TF (THETALL1LTEND(J)) GU TO 54
CONTINUE
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C157
{1v8
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02))

G202
0203
vatae
G206
Qaut
028
(i)
0219
G211

G212
0213
0215
0216
0217
C218
0219
0220
0221
C22¢
v223
07274
0225
0226
0227
0228
0229

023C
0231
0233
G234
0235
0230
0237
0238
0239
U24C
G241
024c¢
0243
C244
0245

L2406
2417
C248
G245
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Q252
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0257
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0259
26y
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coo

54 UUTSTK(J) =0UTSTK(J)+GG
IF (PATH) 139,139,141
72 IF (PATH) 73,73,141
139 PREC=TOT(KK)+ALPHA% (TOT (K)=TOT(KK))
GP=BETA¥PKEC
PRESIK(J)=PRESTK(JI+LP
LU TO 73
141 FTIME=11C4/PGM
GAMMA=T2(L)+FTIME
D0 142 K=1y2l
IF (GAMMAJGTTL(K)) GO TO 14C
KK=K-1
DTL=TL(K)=T1(KK)
0T2=GAMMA=T1(KK)
ALPHA=DTZ2/DT1
PREC=TUT(KK)+ALPHA*(TOT (K)=TOT (KK))
FILTER=BETA*PREC
DO 165 J=LsN2
I[F (GAMMAL.LT.TEND(J)) GO TO 1C6
105 COUNTINUE

GU U Llb
106 FP(J)=FPLJ)I+FLILTER
116 M=L-1

TOY=B(MI+C(MI+U(M)+E(M) +F (M)
FILIN=FILIN+FP(L)
IF (TOY) 117,117,466
66 PHI=(TOY-ATOMS)/TOY
IF (PHI) 117,117,118
117 PHI=C.C
118 PRESTK(L)=PHI*FILIN
FILIN=F ILIN-PRESTK(L)
GU TO 73
140 CONTINUE
73 CUNTINUE

DO 75 [=1,3C
IF (OUTCEL(I)«GEsC40) GU TO 75
OUTCEL(1)=CaC
PREUUT(I)1=0C.0
75 CONTINUE
71 S1=C.C

$4=0,.0
D0 41 J=1,yLK

S1=51+0UTCEL(J)

$3=53+0UISTKLJ)
#E5 4+4PRESTK(J)
§5=51+52

WRITE OUTPUT

WRITE (4.19)
WKITE (447) IDENT
WRITE (4,93)

93 FORMAT (///7H OUTPUT//12H OUT (F CELL/Z/76H Je12H TIME .
X13H GAS IN 413H PREC IN 413H GAS OUT  413H PREC OU
XT /1)
wkITE (4494) (JoTEND(J) 9 INCELL(J) 3 PREINCJ) s UUTLEL (J),PREOUTII ) J=1
Xy LKy JUT)

94 FUKMAT (L16yUPF124391PEL15e591PEL154591PELSeby1PELSLS)
WRITE (495C) S1452.55
5C FURMAT (37H TOTAL GAS ATCMS OUT OF CELL =1PE12.5/
X37H TOTAL PKRECURSUR ATUMS OUT OF CeLL =1PE12.5/36H TUTAL NUMBER O
¥F ATOMS OUT IF CELL =1PEl12.5)
WRITE (4,19)
WRITE (4,7) IDENT
WRITF (4438
36 FURMAT (///13H OUT OF STACK//6Xy45H GG = GAS OUT OF STACK DUE TO G
XAS OUT UF CELL/6Xy52H GP = GAS OUT OF STACK DUE TU PRECURSURS OUT
XNF CHLL /1 1RH | VAR ;6 JAH GP 17)
WKITE (4439) (JyUUTSTKUJ) yPRESTK(J) 9J=14LK,yJUT)
39 FORMAT (1641PEL164591PEL6LS)
WRITE (4442) S3,54
42 FURMAT (///7c1H TUTAL GG OUT STACK =1PEl12.5/21H TUTAL GP OUT STACK

181
182
183
184
185
186
187
186
189
190
191
193
194
195
196
197
198
199
200
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
216

' 0
218
219
220

222
223
224
225
226
226
226
226

228
229
23an
230
230
231

233
234
234
234
235
236
237
238
238
23R
240

241
242



ISN
SN
ISN
1SN
ISN
ISN

0262
0263
0264
0265
0266
0267

LSN_0268

ISN
1SN
1SN
ISN

0269
0270
0271
0272

X=1PEL12.5)
XX=CHI*S54
YY=54=XX
56=53+XX
WRITE (4.43) CHIXXsYY
43 FOURMAT (//5H CLHI=CPF6.3/8BH CHI®GP=1PEL2.5/12H (1-CHI)*GP=1PEL2.5)
WRITE (4,44) NAMEA,S6
44 FORMAT (//17TH FINAL NUMBER OF A4,32H ATOMS OUT STACK = GG * CHI®GP
X =1PE12.5)
REAU (3,10) IOF
TF (I0F) 13,115,413
13 sToP
END

ADCUNS FOR EXTERNAL REFEKENCES
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